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Prediction of River Discharge using Periodic Autoregressive Model with
Constant and Variable Coefficients using Parametric and Nonparametric
Methods (Case Study: Houro River, Kakkarza Station).

Seyed Yaghoub Karimii, H'amed Nozari?**, Mahbobe Younesi?, Safar Marofi*

Abstract

Time series analysis is divided into two general categories, parametric and nonparametric
methods. In this study, the monthly rainfall data in a 35-year statistical period of kakarreza
hydrometric station (located in Khorramabad city) was tested by the parametric and
nonparametric method for periodic Autoregressive (AR) with constant and variable
coefficients individually. Also, winter method and decomposition were tested and evaluated.
Regarding the fact that the mean and standard deviations have not the significant difference in
parametric and non-parametric models. The results of modeling are almost identical in two
situations and in a constant coefficient situation, the autoregressive model with order 2 gives a
slightly better result (R?=0.534, ACI=-446 and RMSE=6.07). Generally, periodic
autoregressive model with variable coefficients has better performance than autoregressive
model with constant coefficients. Analysis of the seasonal decomposition model shows that the
residual series are non-random. Also in the winter’s model, the graph of residuals versus fitted
values exhibits a specific structure and the graph has a trend, so it cannot be assumed that the
residual variance is a constant. As a result, these models do not have the capability to estimate
river flow.

Keywords: Kakareza Station, Periodic AR, Parametric and Nonparametric Methods.
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Prediction of River Discharge using Periodic Autoregressive Model with Constant and
Variable Coefficients using Parametric and Nonparametric Methods (Case Study:

Houro River, Kakkarza Station).
Seyed Yaghoub Karimi! Hamed Nozari?*, Mahbobe Younesi®?, Safar Marofi*

Introduction:

The base of many decisions in hydrological processes and water-resources allocation is based on
forecasting and time series analysis. The models for time series analyzing and forecasting can be divided
into two classes: parametric and nonparametric model. For parametric models, there is a predetermined
underlying model with a certain formulation, and the number of parameters is predetermined as well.
For nonparametric models, there is no assumption of the underlying model ahead, which makes it more
capable of modeling complex time series observed directly from the real world (Zheng, 2019). Various
researchers have analyzed the power of both the parametric and nonparametric test (Salas et al., 1980,
Takeuchi and Ishidaira, 2003, Sheskin, 2004). The nonparametric models can provide a better fitting
and forecasting performance compared to the parametric models. On the other side, parametric
approaches offer the advantages of transferability and theoretical understanding which are lacking in
nonparametric methods (Hartig and Dormann, 2013).

Methodology:

In this study, the monthly stream flow time series of Kakareza hydrometric station in Houro River
during a 35-year period was used. This River with approximately 107 km length located in the east part
of Khorramabad city in Lorestan province. It is one of the main branches of Karkheh Basin and its
surrounded area is covered with agricultural lands. The river is between 48° 15° to 49° longitude and
32° 22’ to 33° 52’ latitude. Time series data was used provided by Lorestan Regional Water authority.
Both parametric and nonparametric models for periodic Autoregressive (AR) with constant and variable
coefficients are investigated. The periodic mean and standard deviation were estimated by Fourier
method. In addition, cumulative periodogram method was used for calculating the values of each
harmonies. This paper compared the forecasting performances of two simple univariate time series
analyses, the decomposition and winter methods.

Results and Discussion:

The results showed that the mean and standard deviations have not the significant difference in
parametric and non-parametric models. In a constant coefficient state, the AR model with order 2 gives
a slightly better result (R=0.53, ACI=-44 and RMSE=6.07). Generally, periodic AR model with
variable coefficients has better performance than AR model with constant coefficients. Plotting the
values of ry,« versus t (monthly) shows that the monthly changes of ry, : are more than its average, so it
is better to use the periodic AR model with variable coefficients. Furthermore, although the time series
is stationary and follows normal distribution, the variation in the residual has a trend in the winter
model.

In the Decomposition model, although the variation in the residual has not a trend, but the model does
not fit well. Therefore, this method does not have the ability to predict stream flow.

In general, according to the results can be said:

For the periodic AR model (with constant and variable coefficients, in the parametric and non-
parametric states), there is no difference in the modeling results by changing the order of the model
from 1 to 2.

According to ACI, RMSE and R?indices, the periodic AR model with variable-parametric coefficients
has a better performance in prediction.
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In non-parametric state, the periodic AR model (with second-order variable coefficients) has a more
suitable performance.
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